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Abstract 
Meandering river systems often experience a geomorphic phenomenon known as a neck cutoff.   The 
White River of Arkansas has recently undergone several neck cut offs, which have provided a unique 
opportunity to collect field measurements of the first two years after the opening of the cutoff.  In this 
study the field data was complemented with hydrodynamic simulations to assess the significance of 
different flow conditions. The findings suggest that flood events play a substantial role in the geomorphic 
adjustment of the river to the cutoff.  
1 
 
Chapter 1. Introduction 
Meandering is a distinctive feature of alluvial rivers characterized by sequences of alternating planform 
bends. Long term aggradation and degradation of sediment occurs throughout the channel due to 
hydrodynamic induced processes.  This accumulation and dissipation  of sediment alters the geometry of 
the  channel resulting in lateral bank migration (Sturm, 2001). The origins of meandering are an ongoing 
debate with several predominant hypotheses offering explanations.  However, two central mechanisms 
in meander migration are bank erosion and bar formation.  The interaction of sediment laden water 
flowing over a static boundary comprised of alluvium causes either the static alluvium of the boundary to 
be transported downstream or the sediment in the water to be deposited.  The dynamics of these 
phenomena induce a planform migration of the river.  Migration rates of reaches have shown great 
variance with some exhibiting relative stabilization.  Eventually this migration leads the upstream and 
downstream banks of a meander to intersect, causing a neck cutoff as illustrated in Figure 1.  Through 
time the neck cut off becomes the dominant path of the flow, leading to low circulations in the abandoned 
loop.  These low flows of in loop cause sediment to accumulate, creating a clay plug which isolate the 
abandoned loop from the main channel resulting in the loop becoming an oxbow lake (Julien, 2002).   
 
Figure 1. Oxbow lake formation (Julien, 2002) 
1.1 Literature Review 
Camporeale et al. (2008) has sought to define the limits of hydrodynamic influence on a river systems 
behavior.  This is investigated through two cutoff actions: The removal of old meanders and simplification 
of river geometry, and the influence of a cutoff event on the spatiotemporal dynamics of the river system. 
The conclusion reached was that cutoffs limit influence of short term hydrodynamic processes effects on 
the long term evolution of the river (Camporeale et al, 2008).  However, a characterization of short term 
hydrodynamic process must be made in relation to their underlying hydrologic cause.  The magnitude and 
frequency of hydrologic events ultimately manifest their influence on a river systems development 
through hydrodynamic action. 
Further study of the limits of the effect of hydrodynamic processes was performed by Blanckaert (2011).  
The study discusses three hydrodynamic phenomena in sharp meanders and their morphological impact.  
Secondary flow is known to be an important driver in meander migration (Güneralp and Rhoads, 2009).  
Secondary flow saturation exhibits a nonlinear nature that limits the growth of secondary flow.  This 
aspect is analyzed through a reduced order hydrodynamic model.  Outer-bank cells tend to shield the 
outer bank from further migration.  Flume experiments have suggested that the importance of outer-bank 
cells increases as the meander bend becomes more sharply curved as well as when the outer banks incline 
increases.  Inner bank flow separation has also shown to increase sediment accretion along the inner bank.  
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These actions serve to decrease the effective width, and concentrate the discharge towards the outer 
bank which suggest it strengthens meander migration (Blanckaert, 2011).   
In a recent effort Dutta et al. (2016) utilized an LES simulation to analyze the hydrodynamics of an idealized 
bifurcation, specifically the Bulle-Effect.  The Bulle-Effect is movement of bed sediment towards the lateral   
channel of a bifurcation.  The simulation accurately reproduced the hydrodynamics and sediment 
transport behind the Bulle-Effect (Dutta et al., 2016).  The Bulle-Effect may play a role in neck cutoffs with 
an active meander loop, as their behavior reflects that of a self-contained bifurcation.  
The hydrodynamics, specifically the spatial distribution of boundary shear stress, of a river reach are the 
source of bank erosion with bank migration as a direct consequence.  Thus, in order to accurately simulate 
bank erosion, accurate simulation of the velocity, bed shear stress, and water surface elevations is 
required (McLean, 1984). The initial effort to quantify bank erosion was suggested by Ikeda, et al. (1981).  
The bank erosion rate (ζ) was related linearly to the excess near bank velocity (u௕ᇱ ) and a linear erodibility 
coefficient (E), which can be seen in Equation 1. 
             ߞ = ܧݑ௕ᇱ                                                                                   (1) 
A laboratory flume experiment performed by Termini (1997) sought to address the mechanisms 
responsible for the bed shear stress distribution in meandering reaches.  Termini confirmed that 
downstream velocity distribution is influenced by the bed topography and the advective momentum 
transport induced by secondary channel flows.  Investigation of the physical mechanisms of bank failure 
caused by bed shear stress was performed by Lawler et al. (1997).  The study consisted of an observation 
of the Severn River erosion mechanics and sediment dynamics.  Bank erosion events, reach mean shear 
stress, and bank resistance were investigated using an automatic monitoring system.  Lawler (1997) found 
that in upstream reaches the fluid entrainment was seen to be the dominant mechanism of bank erosion, 
while at the downstream reaches cantilever failures are the dominant mechanism.  In order to accurately 
simulate bank migration, a geomorphic model must account for these slumped and collapsed materials 
produced by bank failures.  Dulal et al. (2009) created such a model to achieve this.  The model showed 
that slump material dampens bank erosion, as seen in field observation.  The meandering rate was also 
significantly affected by fluctuations in the discharge with the channel width remained relatively constant 
throughout the meandering (Dulal et al., 2009).  
 
The rate of bank erosion is dependent on several additional parameters, which include local substrate 
properties, substrate stratification, sediment grain size, freeze thaw frequency, stratigraphy of the bank, 
and vegetation type and density.  Bank sediment properties, channel geometries, and flow fields all 
contribute to the bank erosion coefficient.  It is important to note; these properties vary along the reach, 
thus in order to accurately model bank erosion, these factors must be accounted for (Posner & Duan, 
2011).  In an effort to improve Ikeda’s (1981) erodibility coefficient by incorporating these variations, 
Posner and Duan (2011) devised a stochastic approach.  The simulation entailed comparisons of a 
deterministic model to a stochastic model in simulating meandering evolution.(Posner & Duan, 2011).  An 
additional attempt to improve Ikeda’s (1981) coefficient of bank migration, Motta et al. (2011) developed 
a relationship between the physical process, hydraulic erosion, and mass failure.  Thus a new physically 
based bank migration was proposed, which accounts for measurable soil properties, natural bank 
geometry, distribution of riparian vegetation, and heterogeneity of floodplain soils.  Both coefficients 
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proposed by Posner & Duan (2011) and Motta (2011) produced a more natural migration patterns such 
as high skewness and sharp necks through simulations. 
River meandering is a direct consequence of bank erosion and migration.  With sufficient bank migration, 
a river will meander upon itself resulting in a cut off.  The literature has distinguished two forms of cutoffs, 
chute and neck.  A chute cutoff occurs over a length of floodplain that is longer than a channel width, and 
is more common.  A neck cutoff occurs over a length of floodplain that is narrower than a channel width, 
and is rarer (Julien, 2002).  Hooke (1995) identified a lack of long term case studies regarding cut off events 
and subsequent channel adjustment. Two neck cutoffs and two chute cutoffs were monitored on the River 
Bollin and the River Dane.  It was found that the period of breaching and widening of the channel takes 
several months to develop.  The channel adjustment took 1 to 3 years with full stabilization achieved at 8 
years.  The blockage of the old channel in the 4 sites was found to take 1 to 7 years (Hooke, 1995). 
 
 Figure 2. Channel changes at cutoff sites, (a) & (b) Bollin, (c) & (d) Dane (Hooke, 1995) 
The characteristics of cutoffs and oxbow lakes were continued in another long term study on the River 
Bollin (Hooke, 2004). A series of five cutoffs occurred between 1998 and 2002, Figure 3.  The changes 
occurred due to particularly high flows during 1999-2000, and 2000-2001. Several explanations are 
posited to explain the behavior.  It is theorized that cutoffs behave as a means of self-organization in the 
river system in response to a state of criticality with an ensuing chaotic behavior.  In contrast the cutoffs 
may be part of a natural evolution of meanders with no chaotic element in their behavior.  Lastly the 
cutoffs may be merely adjusting to a change in discharge or other external elements (Hooke, 2004).  
Further analysis of temporal sinuosity is used for evidence of the self-organization theory.  The results 
suggest that a self-organizing behavior is present in the most active reaches.  However, at lower activity 
more linear behavior is observed. 
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Figure 3. Sequence of development of series of cutoffs 20002-2002, River Bollin (Hooke, 2004) 
Further investigation into the function of cutoffs in a river system was conducted by Frascati & Lanzoni 
(2009). The study sought to address the influence off morphodynamic regimes on the long term 
geometrical features of synthetically generated meanders.  In order to achieve this, a mathematical model 
using equations governing planform evolution was developed.  In that model only neck cut offs were 
considered, and chute cutoffs are isolated from the model.  This model implied that formulation of 
compound loops is not entirely dependent on neck cut off events, or heterogeneity of bank erodibility as 
previous studies have suggested.  This ability to produce the full spectrum of meander planforms found 
in nature has been related to the transition from superresonant to subresonant condition. 
The role of sediment in cutoffs is a significant topic in recent literature as well.  Zinger et al. (2011) 
investigated the influence of a cutoff event on sediment flux on the Wabash River.  It was found that a 
series of two chute cutoffs on a bend caused a large sediment pulse to be produced in the channel.  These 
sediment pulses were deposited immediately downstream and significantly altered the channels 
bathymetry and morphology, Figure 4. 
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Figure 4. Development of chute cutoffs on Mackey Bend, Wabash River (Zinger et al., 2015) 
The sedimentary filling profiles of cutoffs and oxbow lakes were examined along the Sacramento River by 
Constainte et al. It was found that the volume of coarse bed material correlated negatively with the 
diversion angle of the cutoff and oxbow lake entrance.  Thus the higher the diversion angle, the more 
rapid the oxbow plug develops resulting in a lower volume of coarse grain material aggradation.  The 
lower the diversion angle, the slower the oxbow plug develops resulting in a higher volume of coarse grain 
material aggradation.   
To the authors knowledge, there is a lack of literature regarding the hydrodynamics surrounding 
adjustment of a river reach after the onset of a neck cutoff event.  As extensive monitoring of cutoffs is a 
difficult and expensive process, an approach that takes advantage of data generated by intermittent field 
surveys with complementing hydrodynamic simulations is of value.  Thus this study seeks to address this 
gap through simulations of different flow regimes utilizing bathymetric data collected at different stages 
of reach adjustment.  
1.2 Study Objectives 
In an age of ever increasing precision in scientific instruments and increasing computing power, more 
rigorous investigations of field based observations through the use of computational models are possible.  
This study seeks to assess the hydrodynamic conditions of cutoffs in meander loops and their evolution 
through time.  Studying cutoff events will lead to a fuller understanding of the surrounding geomorphic 
processes and will facilitate better prediction and management of a river system’s behavior. Specifically, 
the study will address the following: 
 What role do different hydraulic regimes play in meander adjustment? 
 What processes control loop abandonment? 
 Is a 2-D simulation sufficient to capture the hydrodynamics of a cutoff? 
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Chapter 2. Methodology 
2.1 Study Area 
The river system of interest is the White River, located in Arkansas, US which can be seen highlighted in 
yellow in Figure 5.  The reach of interest, Pumps bend, the USGS DeValls Bluff river gauge, and the US 
ACoE Clarendon river gauge, are within the black box (Figure 5).   The White River Basin encompasses a 
drainage area of approximately 27,765 square miles (Lin, 2009). The control structures of the White River 
Basin include 5 large Army multipurpose lakes/reservoirs as well as over 150 miles of flood control levees.  
The study area of interest in this paper is an unleveed meander loop south of DeValls Bluff, which has 
recently undergone a neck cutoff event, as seen in Figure 6. 
 
 
 
 
 
 
 
Figure 5. White River, AR (www.Geology.com, 2016). (a.) Devall’s Bluff Gauge (b.) Clarendon Gauge 
2.2 Study Limitations 
A model is a simplification of nature; thus several assumptions were made.  First the complex interaction 
between groundwater and surface water was not included.  Second the direct effect of vegetation on the 
flow was simplified through roughness coefficients.  Third the heterogeneity of mobile bed floodplains 
was excluded. 
 
 
 
 
 
 
 
Figure 6. Pumps Bend (Google Earth) 
2.3 Field Study 
The initial field data collection through Pumps Bend was performed by Derek Richards and Dr. Kory 
Konsoer on April 7th, 2015.  The bathymetric and velocity data was collected with Teledyne-RD 1,200 kHz 
Rio Grande Acoustic Doppler Current Profiler (ADCP).  The second survey occurred on May was performed 
by Derek Richards, Christopher Turnipseed, and Dr. Kory Konsoer on May 17th, 2016.  The bathymetric 
a.. 
b. 
10/13/2010 11/20/2012 10/14/2015 
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and velocity data was collected with Teledyne-RD 1,200 kHz Rio Grande ADCP as well as a NORBIT iWMBS 
(Integrated WideBand Multibeam Sonar) with an integrated inertial navigation system (IMU and GPS).  A 
picture of upstream of the cutoff taken during the 2016 survey can be seen in Figure 7.  Derek Richards 
used CARIS Hypack software during collection of the data, and CARIS HIPS and SIPS for visualization and 
clean up. 
 
Figure 7. Pumps Bend Cutoff 
2.4 Data 
The 2015 survey resulted in cross sectional ADCP scatter data that was interpolated to develop a low 
resolution bathymetric scatter data set (Figure 8, Left).  The 2016 survey resulted in a high resolution 
bathymetric scatter data set from the multibeam sonar, which can also be seen in Figure 8 (center). In 
order to incorporate and simulate overbank flow, further scatter data of the floodplain was collected from 
the USGS’s National Elevation Dataset (NED), as a raster image and was then converted to an xyz scatter 
set using ArcGIS, Figure 8 (right).  This NED data was utilized along with the bathymetric data set to 
develop 2015 and 2016 meshes of the channel and floodplain.  
  
Figure 8. Bathymetric Scatter Data.  Left 2015 Survey, Middle 2016 Survey, NED  
The required hydraulic data for the boundary conditions of the model was collected from the USGS 
DeVall’s Bluff and the Army Corps Clarendon gauges (Figure 5).  A flow hydrograph of the time periods 
surrounding the survey collection dates was developed for the upstream (flow) boundary conditions of 
the model (Figure 9).  The stages from the gauges were interpolated to the downstream boundary 
condition based on the calculated daily water surface elevation to create a rating curve (Figure 10).  Due 
to the cutoff there is ambiguity in the river length in linearly interpolation; thus, the length through the 
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loop and the length through the cutoff were used.  The location of the transects of velocity data for the 
2015 and for 2016 are discussed further in the Calibration section. 
 
Figure 9.  Pumps Bend Hydrograph 
 
Figure 10. Pumps Bend Rating Curve  
2.5 Model 
The software utilized for the simulations is Danish Hydraulic Institute (DHI) MIKE 21 & MIKE 3 Flow Model 
FM Hydrodynamic Module.  MIKE 21 Flow Model FM solves the two-dimensional, depth-integrated, 
incompressible, Reynolds-averaged, Navier-Stokes equations known as the shallow water equations and 
the conservation of mass equation (Equation 2).  The spatial discretization is achieved through a finite 
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volume method, over an unstructured triangular grid, and the temporal integration utilizes an explicit 
scheme (Danish Hydraulic Institute , 2014).   
߲ሺܪሻ
߲ݐ
൅
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߲ݔ
൅
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MIKE 3 Flow Model FM solves the three-dimensional incompressible Reynolds averaged Navier-Stokes 
equations with the Boussinesq and hydrostatic pressure assumptions, Equation 3.  A unique feature is the 
ability to implement the same unstructured mesh used in MIKE 21 FM as the horizontal domain in MIKE 
3FM, with an additional vertical discretization developed from the horizontal mesh.  MIKE 3 FM also 
utilizes a finite volume method for spatial discretization, the horizontal temporal terms are solved through 
an explicit scheme while the vertical temporal terms are solved implicitly. 
׏ ∙ ࢛ = ૙ 
߲
߲ݐ
ߩ࢛ ൅ ׏ ∙ ሺߩ࢛࢛ሻ = െ׏ ∙ p ൅ ߩ܏ ൅ ׏ ∙ ܂ 
2.6 Mesh 
Utilizing the aforementioned scatter data, three meshes were developed.  The NED data was utilized in 
all three meshes for the floodplain, however the channel data was interchanged.  The 2015 scatter data 
was used in two ways.  In order to create a precut-off mesh, the scour hole was assumed to have been 
created by the cutoff, thus it was repaired along with the floodplain in the scatter data, Figure 11.  Second 
it was also utilized to create a mesh of the 2015 conditions, Figure 12.  The last mesh was developed using 
the 2016 scatter data, Figure 13. Through a mesh sensitivity analysis, an optimal element area of 10m2 
was determined which corresponds to a ∆x≈4.7m.  Due to stability issues, the floodplain data was not 
utilized in the meshes of the 3D simulations. 
 
Figure 11 Pumps Bend precut-off Mesh. Left Isolines, Right Mesh Elements 
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Figure 12 Pumps Bend 2015 Survey Mesh. Left Isolines, Right Mesh Element 
 
 
 
 
 
 
 
Figure 13 Pumps Bend 2016 Survey Mesh. Left Isolines, Right Mesh Elements. 
2.7 Calibration 
The 2-dimensional and 3-dimensional simulations of both the 2016 model and the 2015 model were 
calibrated through variation of the eddy viscosity and bank roughness terms.  The results were then 
compared with the cross sectional depth averaged velocity data measured in the corresponding field 
surveys.  Both surveys produced over 12 Transects through the channel which were utilized for calibration 
(Figure 14 & 16).  Pearson’s chi squared goodness of fit test was performed over each cross section to 
statistically check the observed vs. simulated velocities.  All calibrated velocities fell within a 99% 
confidence interval. In the 2-dimensional simulations the following parameters were found to best 
replicate the observed data; eddy viscosity of 0.4, roughness factor corresponding to a manning’s n of 
0.03.  In the 3-dimensional simulations the following parameters were found to best calibrate the 
observed data; eddy viscosity of 0.4, a log law formulation for the vertical turbulence model, and quadratic 
drag factor of 0.01. 
The location of the twelve Transects used to calibrate the 2015 model is displayed in Figure 14.  Simulated 
and observed velocities profiles for selected Transects are shown in Figure 16 (All simulated and observed 
velocities can be seen in Appendix A).  Through review of all transects, it can be noted that the 3-D 
simulations generally projected closer to the observed values.  Due to the coarse nature of the 2015 
bathymetry, the model was difficult to calibrate, which can be seen in Transects A and K (Figure 16).  In 
Transect K the velocities just above the downstream boundary condition match fairly well with the 
observed data. However, the velocity profiles of Transect A show a consistent deviation from the observed 
velocity profiles.  
11 
 
 
Figure 14. Pumps Bend 2015 Mesh Transects. 
 In Transect I (Figure 16) and J the 2-D simulations do a poor job of replicating the velocities, which is due 
to the interpolation of the channel and floodplain data sets onto the mesh.  The 3-D simulations produce 
the velocities more accurately in Transects I and J without the floodplain interpolation. The motion in the 
upstream portion of the loop, Transects D and E, replicate the observed velocities poorly.  However, the 
Transects in the downstream portion of the loop, Transects G and F, replicate the observed velocities well.  
Finally, the simulations replicate the motion through the cutoff, Transect C, fairly well. 
 
Figure 15. Pumps Bend 2015 Mesh Transects. 
The location of the fifteen Transects used to calibrate the 2016 model is displayed in Figure 15.  All the 
Transects can be seen in Appendix B and Figure 17. The 2-D simulations did fail to pick up the motion in 
the now abandon loop, which can be seen in Transects F, G, H and I.  This may be due to the 3-D 
characteristics of the flow surrounding an active cutoff, which are not fully replicated in the 2-D shallow 
water equations. The 3-D simulations replicated the observed velocities better in the upstream, 
downstream, and loop motion better.  However, the 3-D simulations tended to under predicted the 
velocities in the cutoff, see Transects J (Figure 17) and K. This may have been in part due to varying 
roughness in the channel due to fallen vegetation.  This roughness was compensated for in the 2-D 
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simulations with areas of increased roughness.  However, since 3-D flow around vegetation is poorly 
understood at the time of this study, a constant roughness was used in the 3-D simulations 
 
 
Figure 16. Pumps Bend 2015 Select Transects 
2.8 Hydraulic Scenarios 
Once sufficient parameters were found through calibration, 2-D simulations were carried out using 4 
different hydraulic scenarios (Table 1).  The scenarios were chosen based on the flow conditions 
surrounding the field survey days, seen in Figure 9.  These 4 scenarios were simulated with the Pre-Cutoff, 
2015, and 2016 bathymetries.  The variation of hydrodynamic responses to each condition can be seen as 
the river reach transitions from a fully hydraulically active loop in the Pre-Cutoff bathymetry to a partially 
hydraulically active loop in the 2015 bathymetry to a hydraulically abandoned loop in the 2016 
bathymetry.  The results of each simulation are presented and analyzed in the following sections. 
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Table 1. Hydraulic Scenarios. 
Hydraulic 
Scenario 
Date of 
Scenario 
Flow Rate 
(m3/s) 
Downstream Water 
Surface Elevations (m) 
Low Flow 07/27/16 464 47.4 
Moderate Flow 05/17/16 991 49.8 
Bankfull Flow 04/07/15 1602 50.5 
Flood Flow 01/02/16 3738 52.3 
 
 
  
Figure 17. Pumps Bend 2016 Select Transects  
 
0.00
0.20
0.40
0.60
0.80
1.00
1.20
0 50 100 150 200
Ve
lo
ci
ty
 (m
/s
)
Distance over Transect (m)
2016 Transect A Velocity Magnitude 
0
0.2
0.4
0.6
0.8
1
1.2
0.00100.00200.00300.00
Ve
lo
ci
ty
 (m
/s
)
Distance over Transect (m)
2016 Transect J Velocity Magnitude 
0.00
0.20
0.40
0.60
0.80
1.00
1.20
050100150
Ve
lo
ci
ty
 (m
/s
)
Distance over Transect (m)
2016 Transect O Velocity Magnitude 
14 
 
Chapter 3. Results 
3.1 Low Flow 
The Low Flow hydraulic scenario water surface elevation maps can be seen for the three different 
bathymetries in Figure 18.  In the pre-cutoff mesh, the reach responds as typically expected with a higher 
water surface elevation upstream and a lower water surface elevation downstream.  In the 2015 mesh 
the reach is showing a steep slope at the location of the cutoff and a gradual slope in the loop.  However, 
in the 2016 mesh the loop appears to have a higher water surface elevation in the eastern portion.  The 
cause of this could be the momentum of the flowing water pressing against the stagnant water of the 
loop.  
The Low Flow hydraulic scenario velocities can be seen in Figure 19. In the pre-cutoff mesh, the reach is 
fully hydraulically active, with all the flow passing through the loop.  In the 2015 mesh the loop is only 
partially hydraulically active with relatively higher velocities at the cutoff.  In the 2016 mesh the loop has 
been completely abandoned with no activity present.  In both the 2015 and 2016 meshes, there is a zone 
of recirculation directly below the cutoff.  This zone is in the area of highest sediment aggradation, which 
can be seen when comparing the bathymetries (Figure 12 & 14) 
 
Figure 18. Low Flow Water Surface Elevations.  A. Pre-Cutoff Mesh B. 2015 Mesh C. 2016 Mesh 
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Figure 19. Low Flow Velocities. A. Pre-Cutoff Mesh B. 2015 Mesh C. 2016 Mesh 
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3.2 Moderate Flow 
As expected, the Moderate Flow hydraulic scenario displays many of the same characteristics as the Low 
Flow scenario. The Moderate Flow scenario water surface elevation maps can be seen for the three 
different bathymetries in Figure 20. In the pre-cutoff mesh, the reach responds also as expected in a 
natural river with a higher water surface elevation upstream and a lower water surface elevation 
downstream.  In the 2015 mesh, the reach is showing a steep slope at the location of the cutoff and a 
gradual slope in the loop.  The 2016 mesh the loop also has a higher water surface elevation in the eastern 
portion.  The cause of this could be the momentum of the flowing water pressing against the stagnant 
water of the loop. 
 The Moderate Flow velocities can be seen in Figure 21. In the pre-cutoff mesh, the loop is fully 
hydraulically active.  In the 2015 mesh, the cutoff serves as a choke point.  Due to the high elevation 
gradient and the narrow geometry of the cutoff, the water accelerates resulting in higher velocities at the 
cutoff.  As with the previous scenario, the 2016 mesh shows the complete abandonment of the loop, all 
the flow passing through the cutoff and gradual velocities due to the widened geometry of the cutoff. 
 
Figure 20. Moderate Flow Water Surface Elevations.  A. Pre-Cutoff Mesh B. 2015 Mesh C. 2016 Mesh 
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Figure 21. Moderate Flow Velocities. A. Pre-Cutoff Mesh B. 2015 Mesh C. 2016 Mesh 
 
 
 
 
 
 
 
 
 
A B 
C 
18 
 
3.3 Bankfull Flow 
As with the previous scenarios, the Bankfull Flow shows many of the same characteristics. The Bankfull 
water surface elevation maps can be seen in Figure 22. The pre-cutoff mesh also behaves as typically 
expected with higher water surface elevations upstream and lower water surface elevations downstream. 
The 2015 mesh also has large water surface gradients at the cutoff. Finally, the 2016 mesh does not 
indicate the higher elevation in the eastern portion of the loop as the previous scenarios showed due to 
the lack of hydrodynamic acitivity. 
The Bankfull Flow velocities are displayed in Figure 23. The loop in the pre-cutoff mesh is fully active 
hydraulically. However, the highest velocities located at the cutoff in the 2015 mesh are the same 
magnitude as the highest velocities of the pre-cutoff mesh and 2016 mesh. Regarding the 2016 mesh, the 
loop is fully abandoned with zones of slow recirculation occurring at places of sediment aggradation due 
to decreasing shear stress gradient. 
 
Figure 23. Bankfull Water Surface Elevations.  A. Pre-Cutoff Mesh B. 2015 Mesh C. 2016 Mesh 
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Figure 23. Bankfull Flow Velocities. A. Pre-Cutoff Mesh B. 2015 Mesh C. 2016 Mesh 
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3.4 Flood Flow 
The Flood Flow hydraulic water surface elevation maps can be seen in Figure 24.  In the pre-cutoff mesh, 
the water surface slope has a large gradient through the loop.  Locations in which the flow passes through 
the inundated floodplain contain steep slopes.  However, the roughness of the floodplain prevents much 
of the flow from passing through it.  The 2015 mesh shows steep slopes at the cutoff location, with a much 
shallower slope through the loop.  The 2016 mesh shows a much more gradual slope through the cutoff 
in comparison to the 2015 mesh due to the flows restriction by the floodplain. 
The Flood Flow velocities are displayed in Figure 25.  The location of the flow breaching through the 
floodplain in the pre-cutoff mesh corresponds to the eventual location of the cutoff.  The 2015 mesh 
shows the highest velocities of the three meshes at the narrow cutoff.  Finally, the 2016 also shows the 
full hydraulic abandonment of the loop.  The 2016 mesh also has the lowest velocities of the three 
meshes, due to the cutoffs full adjustment which now conveys the entire river flow. 
 
Figure 24. Flood Flow Water Surface Elevations. A. Pre-Cutoff Mesh B. 2015 Mesh C. 2016 Mesh 
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Figure 25. Flood Flow Velocities.  A. Pre-Cutoff Mesh B. 2015 Mesh C. 2016 Mesh 
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3.4 3-Dimensional Simulations 
Utilizing the 2-D flexible mesh with an additional structured vertical dimension, simulations were run in 
MIKE 3 FM on the 2015 mesh and the 2016 mesh as well.  As mentioned previously, due to stability issues 
the floodplain was not included in the mesh.  Thus only the Bankfull flow scenario was simulated.   
 
Figure 26. 2015 Depth Averaged Mesh Map.   
A. upstream, B. entrance to loop, C. cutoff, D. exit to loop, E. downstream. 
The 2015 mesh depth averaged current speed can be seen in in detail in Figure 26 and Figure 27.  Figure 
27 A shows the upstream approach to the cutoff.  The velocities are highest at the south bank near the 
cutoff, with flow directed through the cutoff.  The velocities are moderate in the north bank, with the flow 
directed towards the loop.  Figure 27 B shows high velocities at the entrance of the loop, indicating a 
significant portion of the flow passes through the loop.  Figure 27 C displays the width of the flow at the 
cutoff contracting resulting in high velocities.  A zone of flow separation can be seen directly south of the 
cutoff.  Figure 27 D is the exit of the loop with and the beginning of the flow converging, also with 
moderate velocities.  Finally Figure 27 E shows the confluence of the loop and cutoff, the subsequent 
mixing layer, and acceleration of the reattached flow.  
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Figure 27. 2015 Mesh Depth Averaged Detailed Velocity Windows  
(A-E correspond to the regions detailed in Figure 26) 
The 2016 mesh depth averaged current speed can be seen in in detail in Figure 28 and Figure 29.  Figure 
29 A shows the upstream approach to the cutoff.  The velocities are highest at the south bank near the 
cutoff, with the flow primarily directed through the cutoff. Figure 29 B shows very low velocities at the 
entrance of the now abandoned loop which form zones of recirculation.  Figure 29 C displays the widened 
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width of the flow at the cutoff resulting in moderate velocities and a deceleration of the flow as it passes 
through the deep scour hole.  Figure 29 D is the exit of the abandoned loop which exhibits low velocities  
in zones of recirculation.  Finally Figure 29 E shows acceleration of the flow through downstream of the 
loop, as it passes the deep scour hole.  Also the zone of recirculation south of the cutoff has shrunk in size 
due to sediment infill.  
 
Figure 28. 2016 Mesh Depth Averaged Map.   
A. upstream, B. entrance to loop, C. cutoff, D. exit to loop, E. downstream. 
A comparison of the 2015 Mesh and 2016 Mesh water surface elevation is displayed in Figure 30.  The 
results are very similar to those seen in the 2-D Hydraulic Scenarios simulations.  The 2015 Mesh shows 
high gradients around the cutoff, with a mild gradient through the loop.  The 2016 Mesh shows a 
moderate gradient through the cutoff, and a stacking of the water at the exit of the abandoned loop.   
Comparing the 2015 Mesh and 2016 Mesh bed shear stress can be seen in Figure 31.  For reference a 
critical bed shear stress can be seen in Table 2 (Berenbrock, 2008), and the primary sediment constituent 
of this river reach is very coarse sand (Lin, 2009).  The bed shear stresses in the 2015 Mesh are significant 
at the cutoff location with magnitudes high enough to mobilize coarse gravel.  However, these shear 
stresses decrease at the edges of the cutoff.  Also there is an absence of significant bed shear stress at the 
location south of the cutoff that will experience significant future geomorphic change.  The 2016 Mesh 
bed shear stresses displays only moderate bed shear stresses, with no significant values at the location of 
the cutoff. 
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Figure 29. 2016 Mesh Detailed Depth Averaged Velocity Windows 
 (A-E correspond to the regions detailed in Figure 28) 
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Table 2. Critical Shear Stress by Particle-Size Classification (Berenbrock, 2008) 
 
 
Figure 30. Water Surface Elevation. Left 2015 Mesh. Right 2016 Mesh 
.
 
Figure 31. Bed Shear Stress. Left 2015 Mesh. Right 2016 Mesh 
Three cross were chosen to further investigate the relationship between the geomorphic changes and 
hydrodynamics (Figure 32). The cutoff, cross section B, shows the significant geomorphic change.  In the 
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2015 Mesh the cutoff width is roughly 25% of the normal channel width, this constriction along with steap 
elevation gradient results in higher velocities.  In the 2016 Mesh the cutoff has grown to the full width of 
the channel and the velocities have normalized to the distribution seen upstream. Downstream of the 
cutoff, cross section C, shows 100m lateral migration of the primary channel, caused by a large sediment 
aggredation and bank erosion. In the 2015 Mesh the cross section is located at the acceleration of the 
flow after the mixing layer, which results in the higher velocities we see.  However in the 2016 Mesh there 
is no confluence to induce the acceleration, and the channel has deepened, resulting in lower velocities. 
As mentioned previously, the vertical domain was discretized into 10 layers with the ability to analyze 
each layer independently.  The hydrodynamic acitivity near near the bed is responsible for the geomorphic 
change in a river, thus the 1st layer and 3rd layer above the bed were chosen.  In Figure 33  the 2015 mesh 
displays significant vertical velocities, due to the plunging at the neck cutoff.  However in Figure 34, these 
large vertical velocities are not present, due to the channel slope has adjustment. 
 
Figure 32. Cross Sections. Top: 2015 Mesh. Bottom: 2016 Mesh 
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Figure 33. 2015 Mesh Vertical Velocity Components. Left: Near Bed Layer 1. Right: Layer 3 
 
Figure 34. 2016 Mesh Vertical Velocity Components. Left: Near Bed Layer 1. Right: Layer 3 
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Chapter 4. Conclusions 
In this thesis, 2-D hydrodynamic simulations, using a model calibrated to field data, were used to 
investigate the flow patterns before and during a neck cutoff event under four flow conditions – low, 
moderate, bankfull and high.  3-D simulations were run for the bankfull event only.  Before the onset of 
the cutoff, an analysis of the pre cutoff conditions can yield insight into the initial breach.  Inspecting the 
low flow, moderate flow, and bankfull flow scenarios shows that there is no hydraulic conductivity over 
the floodplain between the upstream and downstream segments of the loop.  Only the flood flow scenario 
shows an initial hydraulic conductivity over the flood plain, which occurs in the location of the future 
cutoff. It can then be said that the bankfull conditions did not cause the cutoff, and that a flood flow 
regime caused the initial breach of the neck and formation of cutoff. 
As shown in both the 2-D and 3-D simulations utilizing the 2015 Mesh there is significant hydrodynamic 
activity in both the abandoned loop and the cutoff in all hydraulic conditions.  The loop transmits a 
substantial portion of the flow in the reach and has bed shear stress values large enough to mobilize the 
primary sediment constituent of the river, very coarse sand.  The cutoff reunification of the flow through 
the loop with the flow of the cutoff exhibits hydrodynamic characteristics of a confluence. This self-
contained confluence shows a mixing zone with a subsequent zone of acceleration. While the reach 
exhibits these behaviors in the loop, the sediment aggradation required to form plugs and an eventual 
oxbow lake cannot occur.  Until the loop is fully abandoned with only minor hydrodynamic activity, 
significant sediment aggradation will not occur.  
It is important to note that the cutoff in the 2015 Mesh does not have the capability to convey the entire 
flow of the reach.  The cutoff is roughly 33% as wide as the surrounding river channels.  This constriction, 
along with a vertical step at the cutoff results in high velocity magnitudes.  This induces the bed shear 
stress at locations of future scour and bank migration.  An inspection of the hydraulic scenarios can yield 
insights into this geomorphic change.  As seen in the bankfull condition, the bed shear stress and high 
velocities are only seen at the cutoff.  This suggests during this flow regime; the primary change occurring 
is the slow widening of the cutoff.  However, upon review of the flood flow the velocities three times 
larger occur not only at the cutoff but downstream at the location of significant bank migration.  This 
suggests that a significant portion of the geomorphic changes occurred during this flood event in between 
the field study dates.  The 3-D cross sections of the 2015 and 2016 Meshes illustrate the evolution of the 
reach from a cutoff at a 90-degree angle to the flow path, to a curved river bend.  The zones of sediment 
aggradation can be seen in the inner portion of the bend, due zones of flow separation and recirculation.  
As shown in both the 2-D and 3-D simulations, there is very little hydrodynamic activity in the abandoned 
loop of the 2016 Mesh in all hydraulic scenarios.  Due to the low activity and significant gradient of bed 
shear stresses around the entrance and exit of the abandoned loop, the sediment aggradation required 
to form plugs and an eventual oxbow lake can be expected to begin.  
The hydrodynamics surrounding a cutoff event show highly 3-D characteristics, and are better 
represented with a 3-D model.  As seen in the 2016 Mesh, the 3-D simulations capture the zones of slow 
recirculation at the entrance and exit of the abandoned loop whilst the 2-D simulations fail to capture this 
motion.  The 3-D simulations also capture the mean vertical velocities that increase the scour potential of 
the flow.  However, this increased accuracy is also predicated on the resolution of the bathymetric data.  
As seen in the 2015 Mesh, where the geometry data of the channel is coarse the 3-D simulations offer 
only marginally better predictive power than the 2-D simulations. 
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Chapter 5. Discussion 
Ultimately the absence of hydrodynamic activity in a cutoff loop is indicative of the onset of sediment plug 
aggradation.  As a prerequisite, the newly formed cutoff needs the capability to transmit the entirety of 
the reaches flow, which in turn requires the cutoff to have an appropriate geometry capable for this 
transmission of flow.  Thus a degree of localized geomorphic adjustment is expected after the onset of a 
neck cutoff.  In Pumps Bend, the cutoff occurs in a location that is roughly 90-degrees to the flow path 
and is initially an alternative path for the flow to travel through.  After the bathymetry has evolved further, 
the cutoff becomes the only path for the flow to follow.  Pumps Bend required not only an adjustment of 
the cutoff width, but further adjustment downstream as the flow passes around the newly formed less 
sinuous bend.   
On inspection of historical aerial imagery, Figure 35, and the corresponding hydrograph, Figure 36, it can 
be seen that significant hydraulic activity has occur over the neck between the dates of 10/2010 and 
11/2012.  The hydrograph indicates a large flood in 05/2011, which developed the initial breach and the 
erosion of the forested neck.   The images of 11/2012 and 10/2015 indicate a development from a partially 
active cutoff, with hydraulic activity in the cutoff only in regimes larger than low flow, to a fully active 
cutoff, with hydraulic activity in all flow regimes.  The hydrograph indicates between 11/2012 and 10/2015 
only bankfull events occur, which suggests the erosion observed is due to bankfull events.  Finally, the 
01/2016 flood is responsible for the changes seen in the 2016 bathymetry of this study and resulting in 
only the cutoff conveying the flow.  The full development of the cutoff from the initial breach to full 
conveyance occurred over a 5-year period. The findings indicate the full adjustment of the channel 
developed over a period of 5 years.  This is not consistent with Hooke’s findings; that the channel 
adjustment fell in a 1 to 3-year window after the cut off occurrence.   
 
Figure 35. Pumps Bend Aerial Images 2010 – 2017 
The findings of this study also suggest the flood events play an important role in the geomorphic changes 
of neck cutoffs.  The initial breach of the cutoff, and full channel adjustment in Pumps Bend were both 
driven by flood flows.  The bankfull events do account for a slower and small amount of the adjustment 
process, but the rapid and extensive geomorphic changes are a direct consequence of these flood flows.  
Regarding the resiliency of the neck to past flood events, further research is suggested.  The sediment 
composition and character of vegetation certainly play a role in this resiliency, however a further inquiry 
into floodplain erosion, and hydraulics is required.  The angle of the cutoff in relation to the primary flow 
direction also plays a significant role in the channel adjustment.  This study suggests the primary cause of 
the longer adjustment time of Pumps Bend is due to the angle of the cutoff in relation to the primary flow 
10/2010 11/2012 10/2015 
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direction.  Further studies of neck cutoffs should incorporate an analysis of the cutoffs angle when 
developing models for channel adjustment. 
 
Figure 36. Cutoff Breach and Expansion 
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Appendix A: 2015 Calibration Transects 
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Appendix B: 2016 Calibration Transects 
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